Dose effect of adrenocorticotropin on aldosterone and cortisol biosynthesis in cultured bovine adrenal glomerulosa cells: in vitro correlate of hyperreninemic hypoaldosteronism.
In some critically ill patients, aldosterone secretion is diminished despite hyperreninemia. These same patients demonstrate appropriately elevated plasma ACTH and cortisol levels. In addition, infusion of ACTH or angiotensin-II (AII) fails to elicit the normal aldosterone response, implying that the defect is at the level of the zona glomerulosa (ZG) cell. To test the hypothesis that elevated ACTH levels induce this defect, Percoll-purified bovine ZG cells were plated in serum-free defined medium and cultured for 5 days. On days 1-4, cells were exposed to various concentrations of ACTH for 1 h. On the fifth day of culture, half of the wells pretreated with ACTH were treated for 1 h with AII (10(-7) M); the other half of the wells received another dose of ACTH for 1 h. Additionally, cells were exposed to daily 1-h pulses of AII (10(-7) M) alone or in combination with ACTH (10(-8) M) for 5 days. Acutely dispersed bovine ZG cells showed dose-dependent increases in aldosterone when incubated with ACTH, potassium, or AII, with minimal cortisol production. Acutely dispersed bovine fasciculata cells produced no aldosterone, but demonstrated a dose-dependent cortisol response to ACTH and AII, but not potassium. On day 1 of culture, the ZG cells demonstrated a significant (P less than 0.001 in all cases) dose-related increase in aldosterone secretion in response to ACTH. However, continued daily pulsation with ACTH resulted in a dose-dependent decrease in aldosterone secretion, with a concomitant dose- and time-related rise in cortisol production. Indeed, ACTH-induced cortisol production in ZG became similar to ACTH-induced cortisol production in zona fasciculata cells. The addition of AII to the daily ACTH pulse did not significantly alter the aldosterone or cortisol response patterns to ACTH alone. In contrast, ZG cells treated with AII alone for 5 days showed a minimal change in cortisol production and no reduction in aldosterone production until day 4. Northern blot analysis of total RNA isolated from ZG cells pulsed with ACTH for 5 days demonstrated a parallel dose-dependent increase in 17 alpha-hydroxylase mRNA, which did not occur in cells pulsed with AII alone. These in vitro results suggest that elevated ACTH levels over time induce 17 alpha-hydroxylase activity in ZG cells, thereby shifting steroid biosynthesis from an aldosterone-producing to a cortisol-producing pathway. It is likely that the chronically elevated ACTH levels in critically ill patients induce a similar change in ZG cell biosynthesis, resulting in their hyperreninemic hypoaldosterone state.